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[57] ABSTRACT 

A keyless entry system allows fully automatic operation^ 
oflijdQDE^fcSek device of an autcjaoiiye vehicle. The' 
system recognizes the presence and absenceoT an au- 
thorized user and automatically locks or unlocks the 
vehicle door lock device accordin^fc^nhe- presence or 
absence of the authorized user. The keyless entry sys- 
tem is provided with a controller mounted on a vehicle 
and designed to periodically generate a radio demanc 
signal and transmit same at regular intervals. A radk 
CQdejignaJ transmitte r is normally in a stand-by stateTi 
whichit is ready t o transmit a radioco Besignal jndica 
tive_QfjL preset code in response to_the radio de manc 
signal. The radiocodejignal transmitter^ of a pocket 
portable size for convenient t ransp orfby an authoriz e; : 
usejvThe radio signal transmission between the control 
ler and the radio code signal transmitter is performed 
within a predetermined distance range around the vehi 
cle. Therefore, the radio code signal transmitter be 
comes active when the authorized user carrying the 
same enters into the predetennined radio signal trans- 
mission range to transmit the radio code signal to the 
controller. The controller receives and compares the 
preset code with a unique code stored in its memory and 
operates a door lock device for unlocking when the 
codes match. On the other hand, while the authorized 
user is output of the radio signal transmission range, the 
controller detects absence of the radio code signal to 
operate the door lock device for locking. 

21 Claims, 7 Drawing Sheets 
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KEYLESS ENTRY SYSTEM FOR 
AUTOMATICALLY OPERATING AUTOMOTIVE 
DOOR LOCKING DEVICES WITHOUT MANUAL 

OPERATION 5 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a keyless 
entry system designed to automatically operate a door 
lock device of an automotive vehicle without the need 10 
for any manual operations whatsoever. More specifi- 
cally, the invention relates to a novel door lock device 
operating system which allows a possessor of a trans- 
mitter transmitting a preset code corresponding to a 
preset code in a vehicle-mounted controller to lock and 15 
unlock the door lock device without any manual opera- 
tions. Further particularly, the invention relates to a 
novel and useful keyless entry system which recognizes 
the presence or absence of the possessor of a radio code 
transmitter and fully automatically locks and unlocks 20 
the door depending upon the presence or absence of the 
possessor. 

Recently, a new keyless entry system for automotive 
vehicles has been proposed and put on the market. This 
system does not require mechanical key operation or 25 
manual entry of a preset code to operate various vehicle 
devices, such as the vehicle door lock, and trunk lid 
opener and so forth. In this keyless entry system, a 
pocket-portable transmitter is used as a source of a pre- 
set code signal. The transmitter generates radio waves 30 
carrying the preset code and transmits the encoded 
radio waves to a controller mounted on a vehicle. The 
controller receives the radio waves and separates the 
preset code from the radio waves. If the decoded code 
matches a preset code in the controller, the controller 35 
sends a control signal to the vehicle device to be oper- 
ated. 

This keyless entry system employing a radio code 
signal transmitter is very convenient in that it requires a 
single push-button operation to operate various vehicle 40 
devices such as a door lock device, a trunk lid opener 
and so forth. However, it would be more convenient if 
the vehicle devices could be operated without the need 
for any manual operations. 

SUMMARY OF THE INVENTION 45 

Therefore, it is an object of the present invention to 
provide a more advanced keyless entry system which 
allows fully automatic operation of a door lock device 
of an automotive vehicle. 50 

Another object of the invention is to provide a novel 
and useful keyless entry system which can recognize the 
presence or absense of an authorized user and automati- 
cally locks and unlocks the vehicle door lock device 
according to the presence or absense of the authorized 55 
user. 

A further object of the invention is to provide a key- 
less entry system which can detect the absence of the 
authorized user, whereupon it locks the vehicle door. 

In order to accomplish the aforementioned and other 60 
objects, a keyless entry system, according to the present 
invention, is provided with a controller mounted on a 
vehicle and designed to repeatedly transmit a radio 
demand signal at regular intervals. A radio code signal 
transmitter is normally in a stand-by state in which it is 65 
ready to transmit a radio code signal indicative of a 
preset code in response to the radio demand signal. The 
radio code signal transmitter is of pocket-portable size 
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for conveniently transport by an authorized user. The 
radio signal transmission between the controller and the 
radio code signal transmitter is effective within a prede- 
termined range around the vehicle. Therefore, the radio 
code signal transmitter is activated to transmit the radio 
code signal to the controller when the authorized user 
enters the predetermined radio signal transmission 
range. The controller receives and compares the preset 
code in the radio code signal from the radio code signal 
tramsitter and unlocks the door via a door lock device 
when the codes match. On the other hand, while the 
authorized user is outside of the radio signal transmis- 
sion range, the controller detects the absence of the 
radio code signal' and actuates the door lock device to 
lock the door. 

With this arrangement, the keyless entry system ac- 
cording to the present invention allows fully automatic 
door lock device operation for the authorized user. 

According to one aspect of the invention, a keyless 
entry system for an automotive door lock comprises a 
door lock actuator for operating the door lock between 
a first locking position and a second locking position, a 
pocket-portable radio code signal transmitter transmit- 
ting a radio code signal containing an unique code 
which identifies the transmitter, the radio code signal 
transmitter being responsive to a radio demand signal to 
be activated for transmitting the radio code signal, and 
a controller mounted on a vehicle and electrically con- 
nected to the door lock actuator for controlling opera- 
tion of the actuator for operating the door lock between 
the first locking position and the second unlocking posi- 
tion, the controller transmitting the radio demand signal 
at a given timing, receiving the radio code signal trans- 
mitted from the radio code signal transmitter, and oper- 
ating the door lock actuator to hold the door lock at the 
first locking position while the radio code signal is ab- 
sent. 

The keyless entry system further comprises a manu- 
ally opeable switch mounted on the external surface of 
a vehicle body and associated with the controller, the 
manually operable switch temperarily triggers the con- 
troller for transmitting the radio demand signal irre- 
spective of the given timing. 

In the alternative, the keyless entry system further 
comprises a detector for detecing a predetermined dis- 
abling condition for disabling the keyless entry system 
when the predetermined disabling condition is detected. 
The detector detects an ignition key in a key cylinder. 

Furthermore, the keyless entry system may further 
comprise an elapsed time, the timer being reset and 
started cyclically at a timing determined relative to 
transmission of the radio demand signal for measuring a 
given period of time, and the controller operates the 
door lock actuator when the radio code signal is absent 
within the given period of time. 

On the other hand, the controller is responsive to the 
radio code signal for operating the door lock actuator to 
operate the door lock to the second unlocking positon. 
The controller controls the door lock actuator to hold 
the door lock at the second unlocking position while the 
radio code signal present. 

According to another aspect of the invention, a key- 
less entry system for an automotive door lock comprises 
a door lock actuator for operating the door lock be- 
tween a first locking position and a second locking 
position, a manually operable switch mounted on an 
external surface of a vehicle body for manual operation 
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from the outside of the vehicle, a pocket-portable radio facilitate keyless operation, each of the vehicle devices 
code signal transmitter, transmitting a radio code signal is associated with corresponding actuator 302. In the 
containing an unique code which identifies the transmit- shown embodiment, the keyless entry system is de- 
ter, the radio code signal transmitter being responsive to signed to operate a door lock and a trunk lid lock, 
a radio demand signal to be activated for transmitting 5 Therefore, the manual switch 202-D for the door lock is 
the radio code signal, a controller mounted on a vehicle mounted on the vehicle door 406. On the other hand, 
and electrically connected to the door lock actuator for the manual switch 202-T for the trunk lid lock is 
controlling operation of the actuator for operating the mounted on the trunk lid 410 at an appropriate location 
door lock between the first locking position and the near the trunk lid lock. 

second unlocking position and to the manually operable 10 The shown embodiment of the keyless entry system is 

switch, the controller regularly transmitting the radio also designed to operate a steering locking mechanism, 

demand signal at a given timing and being responsive to The steering locking mechanism includes a steering 

manual operation of the manually operable switch for lock actuator 302a. 

temperarily transmitting the radio demand signal irre- The radio code signal transmitter 100 has a thin, rect- 
spective of the given timing, receiving the radio code IS angular casing 101 on which a loop antenna 102 is pro- 
signal transmitted from the radio code signal transmit- vided. A loop antenna 206-D is mounted near enough 
ter, comparing the unique code in the received radio the manual switch 202-D for the user to be able to de- 
code signal with a preset code to operate the door lock press the manual switch 202-D while holding the radio 
actuator to operate the door lock to the second unlock- code signal transmitter 100 within broadcast range of 
ing position when the unique conde and the preset code 20 the loop antenna 206-D 

match, and operating the door lock actuator to hold the The fundamental idea of the keyless entry system will 

door lock at the first locking position while the radio be discussed with reference to FIG. 2. The manual 

code signal is absent switch 202 serves to request operation of the vehicle 

„ _ «^r«« device 300. Furthermore, in accordance with the pre- 

BRIEF DESCRIPTION OF THE DRAWINGS 25 ferred embodiment of the keyless entry system of the 

In the drawings: invention, it is facilitated full-automatic door lock oper- 

FIG. 1 is a perspective view of a vehicle to which a ation for allowing the user who is carrying the radio 

preferred embodiment of a keyless entry system in acco- code signal transmitter 100 to lock and unlock the door 

rdnce with the present invention is applied; lock. The controller 200 is thus cyclically produces a 

FIG. 2 is a block diagram of the general circuit ar- 30 radio signal for activating the radio code signal trans- 
rangement of the preferred embodiment of the keyless miner 100 at regular intervals, which radio signal trans- 
entry system according to the invention; mined by the controller has a specific frequency and 

FIG. 3 is a schematic circuit diagram of a radio code will be hereafter referred to as "radio demand signal 

signal transmitter in the preferred embodiment of key- The controller 200 is also responsive to depression of 

less entry system of FIG. 2; 35 the manual switch 202 to produce the radio demand 

FIG. 4 is a schematic circuit diagram of a controller signal A radio demand signal generator 204 in the con- 
in the preferred embodiment of the keyless entry system troller produces the radio demand signal cyclically at 
of FIG. 2; regular intervals and temporarily in response to depres- 

FIG. 5 is a block diagram showing details of a micro- sion of the manual switch 202. The radio demand signal 

processor in the controller of FIG. 4; 40 is transmitted by a transmitter antenna 206. The trans- 

FIG. 6 is a flowchart of a program executed by the mitter antenna 206 may be mounted on the external 

microprocessor in the radio code signal transmitter of surface of the vehicle body near the vehicle device 300 

FIG. 3; to be operated. For example, if the vehicle device 300 to 

FIG. 7 is a flowchart of a main program to be exe- be operated were the left-front door lock, the radio 

cutedby the microprocessor of the controller of FIGS. 45 code signal transmitter antenna 206 might then be 

4 and 5; mounted on the window pane of the left-front door or 

FIG. 8 is a flowchart of an automatic door locking on a mirror mounted on the left-front door. In practice, 

program in the preferred embodiment of the keyless the transmitter antenna 206 will be a loop-antenna 

entry system according to the invention; and printed on the chosen area of the vehicle or disposed in 

FIG. 9 is a flowchart of another embodiment of an 50 an appropriate space on the vehicle body, 

automatic door locking and unlocking program to be It should be appreciated that, in practice, the prc- 

performed in the controller of FIG. 5. ferred embodiment of the keyless entry system accord- 

_,__-_ _______ _________ ing to the present invention is designed to operate vari- 

DESCRIPTIONOF^^ ous vehicle devices including the door lock. Therefore, 

EMBODIMENT 55 a ph^ty 0 f manual switches are arranged near the 

Referring now to the drawings, FIGS. 1 and 2 show respective vehicle devices to be operated. As set forth 
the general structure of the preferred embodiment of a above, a plurality of antennas are provided near corre- 
keyless entry system according to the present invention. spending manual switches. In order to facilitate fully 
As shown in FIG. 1, the preferred embodiment of the automatic operation of the door lock, the controller 200 
keyless entry system of the present invention generally €0 is designed to transmit the radio demand signal repeat- 
comprises a compact radio code signal transmitter 100 edly at regular intervals through the antenna corre- 
which is comparable in size with common bank or sponding to the door lock. On the other hand, to tempo- 
credit cards and so can be easily carried in a clothing rarily operate the door lock or to operate other vehicle 
pocket, and a controller 200 mounted on a vehicle. The devices, the corresponding manual switch must be de- 
controller 200 is connected with push-button-type man- 65 pressed. In this case, the controller 200 is responsive to 
ual switches 202 mounted on the outer surface of the manual operation of the corresponding switches to tran- 
vehicle body. The manual switches 202 are each located mit the radio demand signal through the antenna associ- 
near the corresponding vehicle devices 300. In order to ated with the depressed manual switch. 



03/29/2004, EAST Version: 1.4.1 



_ 4,763, 

The radio code signal transmitter 100 also has a trans- 
mitter/receiver antenna 102 which may be a loop- 
antenna printed on the outer surface of a radio code 
signal transmitter casing. The antenna 102 is connected 
to a receiver circuit 104 of the radio code signal trans- 5 
mitter 100 to receive the demand signal from the con- 
troller. The receiver circuit 104 is, in turn, connected to 
a unique signal generator 106 which generates a radio 
signal indicative of a unique combination of several 
digits in binary code. The radio signal produced by the 10 
unique signal generator 106 will be referred to hereafter 
as "unique code indicative radio code signal" or "radio 
code signal". The code indicated by the radio code 
signal is unique for each radio code signal transmitter 
100 and serves to identify the radio code signal transmit- IS 
ter. The radio code signal of the radio code signal gen* 
erator 106 is transmitted by the antenna 102. 

A receiver 208 with a receiver antenna 210 is pro- 
vided in the controller 200 to receive the radio code 
signal from the radio code signal transmitter 100. The 20 
receiver antenna 210 is also mounted on the external 
surface of the vehicle body near the transmitter antenna 
206. The receiver 208 is connected to the radio demand 
signal generator 204 and responsive to the radio demand 
signal to be activated for a predetermined period of 25 
time. In other words, the receiver 208 is active for the 
predetermined period of time after the radio demand 
signal is transmitted. Signals received within the prede- 
termined period of time are converted into binary code 
signals indicative of any and all digits encoded in the 30 
signal as they would be in the radio code signal trans- 
mitter 100. The receiver 208 sends the converted binary 
code signal to a comparator circuit 212. The compara- 
tor circuit 212 includes a memory 214 storing a preset 
code which matches the unique code of the radio code 35 
signal transmitter 100. The comparator circuit 212 com- 
pares the binary-coded digits from the receiver 208 with 
the preset code and produces a HIGH-level comparator 
signal when the codes match. A controller 216 includ- 
ing a driver signal generator 216a is responsive to the 40 
HIGH-level comparator signal produced by the com- 
parator circuit 212 to produce a driver signal for an 
actuator 302 in the vehicle device. 

In the shown embodiment, the controller 216 is de- 
signed to detect vehicle conditions satisfying predeter- 45 
mined steering lock conditions. In the preferred em- 
bodiment, keyless steering lock operation is performed 
when the vehicle is at rest, the engine is not nmning and 
the unique code matches the preset code. In order to 
test these conditions, the controller 216 receives signals 50 
from a vehicle speed sensor 215a and an engine stop 
condition detector 215*. The vehicle speed sensor 215a 
produces a vehicle speed indicative signal. On the other 
hand, the engine operation detector detects when the 
engine is not running and produces an engine-off signal. 55 
The controller 216 is also connected to a steering lock 
detector 215c which produces a steering locking condi- 
tion indicative signal. 

In cases where the keyless entry system is designed to 
operate more than one vehicle device, the controller 60 
216 is also connected to the manual switches 202 so as to 
be able to operate the corresponding vehicle devices. 
The controller 216 recognizes which of the manual 
switches 202 is operated and sends a driver signal to the 
actuator of the corresponding vehicle device. 65 

In the aforementioned arrangement, the radio code 
signal transmitter 100 uses a small, long-life battery 108 
as a power source. In practice, a mercury battery or its 
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equivalent could be used in the radio code signal trans- 
mitter. On the other hand, the controller 216 uses a 
vehicle battery 218 as a power source. The aforemen- 
tioned keyless entry system according to the present 
invention achieves conservation of battery power by 
being operative only when the manual switch is oper- 
ated. It would be convenient to provide a weak battery 
alarm in the system. A suitable weak battery-alarm 
feature for a keyless entry system has been disclosed in 
the co-pending U.S. patent application Ser. No. 651,783 
filed on Sept 18, 1984, commonly assigned to the as- 
signee of the present invention. The disclosure of this 
co-pending U.S. patent application is hereby incorpo- 
rated by reference for the sake of disclosure. 

The receiver 208 is also connected to a signal detec- 
tor 280 which detects reception of the radio code signal 
from the radio code signal transmitter 100. The signal 
detector 280 sends a detector signal to a disabling cir- 
cuit 282 as long as the presence of the unique code 
signal is detected. The disabling circuit 282 is also con- 
nected to a door closure detector 229 and a door lock 
detecting switch 236. The disabling circuit 282 incorpo- 
rates a timer 284 for measuring elapsed time from opera- 
tion or depression of the one of the manual switches 
202-D or 202-T. The disabling circuit 282 responds to 
the presence of the detector signal after a predeter- 
mined period of time, given that all of the doors are 
closed and locked as indicated by the door closure de- 
tector and the door lock detecting switch, to produce a 
disabling signal. The disabling signal disables produc- 
tion of the driver signal by the driver signal generator 
216. On the other hand, while the driver signal genera- 
tor 216 is disabled, the disabling circuit 282 is responsive 
to opening of one of the doors to stop the disabling 
signal and resume keyless entry operation. 

In summary, the radio code signal transmitter is rec- 
ognized to be locked in the vehicle when all of the 
doors are closed and locked and the unique code signal 
from the radio code signal transmitter is received con- 
tinuously for a period longer than a preset period of 
time. The preset period of time is determined empiri- 
cally such that the period is long enough for the user to 
move out of transmission range but short enough that 
the user will still be able to hear the alarm indicating 
that the radio code signal transmitter is about to be left 
in the vehicle. In order to enable the user to unlock the 
door in order to remove the radio code signal transmit- 
ter from the vehicle, the system remains operative for a 
few minutes, which should be long enough for the user 
to return to the vehicle and to operate the manual 
switch for the door lock. If the user fails to notice the 
alarm and therefore does not operate the keyless entry 
system to unlock the door and remove the radio code 
signal transmitter from the vehicle, the keyless entry 
system is rendered inoperative after those few minutes 
to inhibit keyless entry operation until the door is un- 
locked by means of a mechanical key. 

This satisfactorily and successfully prevents the vehi- 
cle from being stolen by simple operation of the manual 
switch while the radio code signal transmitter is in the 
vehicle. 

The present invention will be described in more detail 
in terms of the preferred embodiment of the invention 
with reference to FIGS. 2 to 4. 

As shown in FIGS. 2 and 3, as in the controller 200, 
the radio code signal transmitter 100 is provided with a 
pair of loop antennas 102-R and 102-T which are 
printed on the outer surface of the radio code signal 
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transmitter casing (not shown) or installed in the inter- shown embodiment, the microprocessor 222 is con- 

nal space of the radio code signal transmitter casing. nected to manual switches 202-D and 202-T, which are 

The antenna 102-R is connected to the receiver circuit respectively designed to operate the door lock and the 

104 and serves as a receiver antenna. On the other hand, trunk lid lock- However, it should be appreciated that 

the antenna 102-T is connected to the radio code signal 5 the present invention is applicable for operating not 

generator 106 and serves as a radio code signal transmit- only the door lock and trunk lid lock but also other 

ter antenna. A capacitor 110 is connected in parallel vehicle devices, such as a steering lock, a glove-box lid 

with the receiver antenna 102-R to form a passive an- lock and so forth. In the shown embodiment, the keyless 

tenna circuit 112. The antenna circuit 112 captures by entry system is designed to operate a door lock 30O-D 

electromagnetic induction the radio demand signal 10 and a trunk-lid lock 300-T. Accordingly, the manual 

from the controller 200 produced in response to depres- switch 202-D is connected to the controller 200 in order 

sion of one of the manual switches 202. to operate the door lock 300-D and the manual switch 

The antenna circuit 112 is connected to a micro- 202-T is similarly operable when the trunk lid lock 

processor 114 via an analog switch 116, a detector cir- 300-T is to be operated. The manual switches 202-D and 

cuit 118 and an amplifier 120. A negative power supply 15 202-T are connected to the input terminals I9 and 1 10 of 

circuit 122 is inserted between an outer terminal of the the microprocessor 222. The manual switches 202-D 

microprocessor 114 and the amplifier 120 to invert a 0 and 202-T are also connected to a switching circuit 224 

or +3V binary pulse output from the microprocessor inserted between the output terminal O5 of the micro- 

into a 0 to — 3V input to the amplifier. This negative processor 222 and a power supply circuit 226. 

power is supplied to the amplifier to adjust the bias 20 The switching circuit 224 is also connected to a driv- 

point of the amplifier to 0V. er*s door switch 228, passenger door switches 230, an 

The microprocessor 114 is connected to a memory ignition key switch 232, a door lock knob switch 234 

124 storing the preset unique code. In practice, the and a door-lock-detecting switch 236. The drivers door 

memory stores four predetermined, four-bit, BCD dig- switch 226 detects opening and closig of the left-front 

its. The memory 124 can be a ROM pre-masked with 25 door adjacent the driver's seat and is closed while the 

the preset code. However, in order to ininimize the left-front door is open. The passenger door switches 

cost, it would be advantageous to use a circuit in the 230, detects opening and closing of the right-front door 

form of a printed circuit board including circuit ele- and the rear doors. These switches 230 close when the 

merits corresponding to each bit. When the circuit ele- corresponding door opens. The door switches are built 

meat is connected, it is indicative of "l w and when the 30 and operated as conventionally utilized for door closure 
circuit element is cut or disconnected, it is indicative of monitoring. Alternatively, it would be simpler to con- 

"0". By this arrangement, the preset code may be input nect the switching circuit 224 to conventional door 

simply to the microprocessor 114. switches. 

The microprocessor 114 is designed to be triggered The ignition key switch 232 is installed within or near 

by the radio demand signal from the controller 200, i.e., 35 an ignition key cylinder and detects the presence of an 

input to the microprocessor 114 through the antenna ignition key in the key cylinder. The ignition key switch 

102-R, the analog switch 116, the detector circuit 118 232 is closed while the ignition key is within the key 

and the amplifier 120 serves as the trigger signal for the cylinder. 

microprocessor. In response to the trigger signal, the The door lock knob switch 234 is responsive to a 
microprocessor 114 reads the preset unique code from 40 manual door locking operation by which the door lock 
the memory 124 and sends a serial pulse-form radio of the driver's door is manually operated in the door- 
code signal indicative of the unique code to a modulator locking direction. The door lock knob switch 234 closes 
126. The modulator 126 includes a crystal oscillator 128 when the door lock knob is operated manually to per- 
for generating a carrier wave for the unique code signal. form door locking. The door lock detecting switch 236 
In the modulator 126, the radio code signal and the 45 detects the locking state of the door lock; specifically 
carrier wave are modulated into a radio signal in which the switch 236 is closed while any of the door locks are 
the radio code signal rides on the carrier wave, The unlocked and is open when all of the door locks are in 
modulated radio signal is output through a buffer 129, a their locking positions. 

high-frequency transistor 130 and a transmitter antenna The switching circuit 224 is responsive to closure of 
102-T. 50 any one of the switches 202-D, 202-T, 228, 230, 232, 234 
Another crystal oscillator 132 is connected to the and 236 to trigger the power supply circuit 226 for a 
microprocessor 114. The oscillator 132 may serve as a given period of time. The power supply circuit 226 is 
clock generator feeding clock pulses to the micro- active for the given period of time to supply a vehicle 
processor. battery power to the various components of the con- 
In the above arrangement of the radio code signal 55 trailer circuit. In addition, the switching circuit 224 is 
transmitter, electric power is supplied to the compo- responsive to high-level output from the output termi- 
nents by a small, long-life-type lithium cell 134 such as nal O5 of the microprocessor 222 to be held active and 
are used in electronic watches. The microcomputer to thus sustain operation of the power supply circuit 226 as 
be used for the radio code signal transmitter 100 is of the long as the high-level output continues. The switching 
low-voltage CMOS type. The analog switch 118 and 60 circuit 224 deactivates the power supply circuit when 
the amplifier 120 IC units are also chosen to be of the the output level of the output terminal O5 drops from 
power-saving type. As a result, stand-by operation re- high to low. 

quires only about 4 to 5 mA. This means that the radio The microprocessor 222 has input terminals in its 
code signal transmitter 100 can be used for about one input/output interface to be connected to the driver's 
year before replacing the lithium battery. 65 door switch 228, the passenger door switch 230, the 
As shown in FIGS. 4 and 5, the controller 200 com- ignition key switch 232, the door lock knob switch 234 
prises a microprocessor 222 including an input/output and a door-lock-detecting switch 236. Also, the micro- 
interface, CPU, ROM, RAM, timer and so forth. In the processor 222 is connected to the steering lock detector 
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215c, the engine stop condition detector 2156 and the trigger signal output through the output terminal O4. 

vehicle speed detector 215a. Similarly, the antennas 206-T and 210-T are coupled to 

Output terminals Chand Ogof the microprocessor transmit the radio demand signal to the radio code sig- 

222 are respectively connected to actuator relays 238, nal transmitter 100 and receive the radio code signal in 

240 and 242 via switching transistors Tri-TR* The 5 return when operation of the trunk lid lock is requested 

actuator relay 238 is associated with an actuator 302-T via the manual switch 202-T. The antenna 210-T is 

of the trunk lid lock 300-T. The actuator relays 240 and * connected to a phase converter 217-T which shifts the 

242 are associated with an actuator 302-D of the door radio code signal phase received by the antenna 210-T 

lock 300-D. In practice, the actuator 302-D comprises a through 90*. 

reversible motor which actuates the door lock 3200-D 10 The pairs of antennas 206-D, 210-D and 206-T, 210-T 

to its locked position when driven in one direction and are connected for input from a switching circuit 246 

to its unlocked position when driven in the other direc- through respectively corresponding high-frequency 

tion. Two relays 240 and 242 are designed to reverse the amplifiers 248-D and 248-T. The switching circuit 246 

polarity of power supply and thus switch the driving selectively activates one pair of antennas 207-D, 210-D 

direction of the reversible motor. For instance, when 15 or 206-T, 210-T to transmit the radio demand signal 

the relay 240 is energized, the reversible motor 302-D is Sdm* For instance, when the manual switch 202-D is 

driven in the door-unlocking direction. On the other depressed to produce the radio demand signal Sdm for 

hand, when the relay 242 is energized, the reversible operating the door lock 300-D, the antennas 206-D and 

motor 302-D is driven in the door-locking direction. 210-D become active to transmit the demand signal to 

Therefore, the output level at the output terminal O7 20 the radio code signal transmitter. The signal phase of 

goes high when the door is to be unlocked and the the radio demand signal transmitted through the an- 

output terminal Os goes high when the door is to be tenna 210-D is shifted through 90° by means of the 

locked. phase converter 217-D. On the other hand, when the 

In addition, the microprocessor 222 has another out- manual switch 202-T is depressed, the switching circuit 
put terminal connected to a steering lock relay 302a-L 25 246 selects the antennas 206-T and 210-T. Similarly to 
and a steering unlock relay 302a-UL through switching the above, the radio demand signal Sdm is thus trans- 
transistors Tr4 and Tr5. mitted to the radio code signal transmitter 100 through 

The microprocessor 222 is programmed to execute a the antennas 206-T and 210-T and the signal phase of 

theft-preventive operation in response to a specific con- the demand signal transmitted through the antenna 210- 

dition. For example, if the door switch is closed while 30 T is shifted through 90° by the phase converter 217-T. 

the door lock detecting switch is open, a theft-preven- The switching circuit 246 is connected for input from 

tive alarm signal is output via the output terminal O9 a modulator 252 via a switch terminal 258-Tr of a 

which is connected to an alarm actuator 244. In prac- switching circuit 258, The modulator 252 is, in turn, 

tice, the alarm actuator 244 may be connected to a connected for input from the output terminal Oi of the 

vehicular horn to activate the latter in response to the 35 microprocessor 222. Similarly, the switching circuit 250 

theft-preventive alarm signal. This theft-preventive is connected to demodulator 260 through a switch ter- 

operation in keyless entry systems has been disclosed in minal 258-R of the switching circuit 258 and an ampli- 

the European Patent First Publication No. 00 73 068, fier 262. The switch terminals 258-Tr and 258-R are 

published on Mar. 2, 1983. The disclosure of this Euro- designed to alternate so that when the switch terminal 

pean Patent First Publication is herein incorporated by 40 258-Tr is closed, the switch terminal 258-R is opened, 

reference for the sake of disclosure. On the other hand, and when the switch terminal-R is closed, the switch 

the theft-preventive operation could be performed by terminal 258-Tr is opened. When the switch terminal 

the microprocessor by counting erroneous operations 258-Tr is closed, the controller 200 operates in radio 

within a given period of time. code signal transmitter mode to transmit the radio de- 

The antennas 206-D and 210-D in the shown embodi- 45 mand signal Sdm- On the other hand, when the terminal 

ment are located near the door locks and the trunk lid 258-R is closed, the controller 200 operates in receiver 

locks. As an example, the antenna 206-D may be applied mode to receive the unique code-indicative signal from 

to or printed on the reflective surface of a door mirror the radio code signal transmitter 100. 

402, as shown in FIG. 1. The antenna 210-D may be The demodulator 260 is connected for output to the 

applied to or printed on a window pane 404 of the vehi- 50 input terminal Ii of the microprocessor 222. 

cle side door 406. On the other hand, the antennas 206-T The switching circuits 246 and 250 are connected to 

and 210-T are mounted near the trunk lid lock and may the output terminal O3 of the microprocessor 222. The 
be applied to or printed on the rear windshield 408, as . switching circuits 246 and 250 are operated in tandem to 

shown in FIG. 1. select one pair of antennas 206-D, 210-D or 206-T, 210- 

As shown in FIG. 4, the antennas 206-D and 210-D 55 T. For instance, the switching circuit 246 connects the 

are coupled to transmit the radio demand signal Sdm antennas 206-D and 210-D to the modulator via the 

and receive the radio code signal Scm when the door switch terminal 258-Tr of the switching circuit 258 

lock 300-D is to be operated. The antenna 210-D is when the door lock operating manual switch 202-D is 

connected to a phase converter 217-D which shifts the operated. At the same time, the switching circuit 250 

phase of the radio code signal received via the antenna 60 connects the antennas 206-D and 210-D to the demodu- 

210-D through 90\ lator 260 through the switch terminal 258-R and the 

The antenna 210-D is also connected to an analog-to- amplifier 262. Alternatively, when the trunk lid lock 
digital converter (A/D converter) 211 through a high- operating manual switch 202-T is operated, the switch- 
frequency amplifier 213. The A/D converter 211 out- ing circuit 246 connects the antennas 206-T and 210-T 
puts a digital signal S/i/indicative of the received signal 65 to the modulator 252 through the switch terminal 258- 
levei to the input terminal I2 of the microprocessor 222. Tr and the switching circuit 250 connects the antennas 
The A/D converter 211 is also connected to the output 206-T and 210-T to the demodulator 260 via the switch 
terminal O4 of the microprocessor 222 and is gated by a terminal 258-R and the amplifier 262. 
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The modulator 252 is associated with an oscillator 
254 which serves as a carrier-wave generator. The mod- 
ulator 252 is triggered by the output at the output termi- 
nal Oi of the microprocessor 222 to activate the carrier- 
wave generator 254 which then provides the fixed-fre- 5 
quency carrier wave. The modulator 252 modulates the 
carrier wave in accordance with the output from the 
output terminal 0\ to generate the radio demand signal 
Sdm and then transmits same through the selected pair 
of antennas 206-D, 210-D or 206-T, 210-T. The demod- 10 
ulator 260 is designed to separate the carrier wave com- 
ponent from the received radio code signal Scd so as to 
convert the radio signal into a binary signal representa- 
tive of the unique code stored in the radio code signal 
transmitter 100. The demodulator 260 applies the en- 15 
coded binary signal to the input terminal l\ of the micro- 
processor 222. 

The microprocessor 222 is triggered by the input at 
the input terminal 1 1 via the demodulator 260 to read a 
preset code from a preset code memory 264 via a multi- 20 
plexer 266. The microprocessor 222 compares the 
unique code with the preset code read from the preset 
code memory 264 to judge whether the radio code 
signal tansmitter 100 identified by the unique code cor- 
responds to the controller 200 and so is authorized to 25 
operate the vehicle devices. The microprocessor 222 
outputs a driver signal through one of the output termi- 
nals Oe, O7 and Og corresponding to the operated man- 
ual switch so as to operate the corresponding vehicle 
device, i.e. door lock or trunk lid lock, when the unique 30 
code matches the preset code. 

It would be convenient for the preset code memory 
264 to be an external memory connectable to the termi- 
nal of the multiplexer 266. In this case, the preset code 
memory 264 could be stored with the corresponding 35 
radio code signal transmitter 100 as a separate unit. The 
preset code memory 264 and the radio code signal trans- 
mitter 100 would be added to the vehicle upon sale so 
that the separate memory-and-transmitter unit would 
not be separated from the matching controller. In prac- 40 
tice, the preset code memory is programmed by short- 
ing some of a plurality of individual bit cells so as to 
have a binary output corresponding to the unique code. 

The switching circuit 258 is connected to the output 
terminal O2 of the microprocessor 222 through which a 45 
state change-over signal is output. The state change- 
over signal is indicative of whether the system is trans- 
mitting the radio demand signal or receiving the unique 
code-indicative radio signal from the radio code signal 
transmitter 100. In practice, the microprocessor 222 50 
keeps the switching circuit 250 in the transmitting state 
for a given period of time in response to depression of 
one of the manual switches. Thereafter, the micro- 
processor 222 then switches the switching circuit 250 to 
the receiving state. Similarly to the switching circuit 55 
246, the switching circuit 250 is connected to the output 
terminal O3 of the microprocessor 222 to activate one of 
the antennas 210-D and 210-T according to which man- 
ual switch was depressed. 

It should be appreciated that, in the preferred em- 60 
bodiment, the microprocessor 222 normally outputs the 
state change-over signal through the output terminal 
O2 to the switching circuit 258 to connect the modula- 
tor 252 to the switching circuit 246 in order to hold the 
controller 200 in transmitter mode. Also, the micro- 65 
processor 222 sends an output through the output termi- 
nal O3 to select the antennas 206-D and 210-D. In order 
to periodically transmit the radio demand signal Sdm 



through the antennas 206-D and 210-D, the micro- 
processor 222 triggers the modulator 252 by the output 
at the output terminal Oi at regular intervals. This de- 
fines the stand-by state of the controller 200 for detect- 
ing when the radio code signal transmitter 100 comes 
into the broadcasting range of the controller, where- 
upon the door lock is automatically unlocked. 

FIG. 6 illustrates the operation of the radio code 
signal transmitter 100 in the form of a flowchart for a 
program executed by the microprocessor 114. The mi- 
croprocessor 114 repeatedly executes the program of 
FIG. 6. An initial block 1002 checks for reception of the 
radio demand signal SDM. Execution of the block 1002 
loops until the radio demand signal SDM is received 
through the antenna 102. Upon receipt of the radio 
demand signal SDM at the block 1002, control passes to 
a block 1004. In the block 1004, the preset unique code 
is read from the code memory 124 At a block 1006, a 
carrier wave produced by a carrier-wave generator 128 
is modulated by the unique code signal generator 106 in 
accordance with the retrieved code to produce the 
radio code signal. The modulated radio code signal Scd 
is then transmitted through the antenna 102 to the con- 
troller 200 mounted on the vehicle. As set forth above, 
according to the shown embodiment, the radio code 
signal transmitter 100 is designed to consume minimal 
electric power, particularly during stand-by operation 
at the block 1002. This rninimizes the drain on the bat- 
tery and thus prolongs its life time. 

The microprocessor 222 may be provided with a 
conventional interrupt register 222-2 consisting of flags 
indicative of occurrence of triggering inputs at each the 
input terminals 14, 110, 1$, h and 19 m order of priority or 
occurrence of input. The contents of the register 222-2 
are checked in sequence during execution of the main 
program following the end of each sub-routine. For 
instance, when the driver's door is closed, the input 
level at the input terminal Ugoes low the interrupt flag 
in register 222-2 corresponding to the input terminal U 
is set. This interrupt signalling method is per se well 
known and can be carried out in various ways. For 
example, as used in the preferred embodiments, inter- 
rupts may be either maskable, i.e. delayable until some 
other process is completed, or nonmaskable, i.e. trigger- 
ing immediate execution of an associated routine in 
preference to all other operations. 

Similarly, when the door lock operating manual 
switch 202-D is operated, the input level at the input 
terminal Iio changes from high to low. Then, the corre- 
sponding flag in the register 222-2 is set to reflect the 
triggering change in input level at the input terminal I to 
to signal execution of tie second sub-routine. When the 
driver's door is opened and the door lock is operated to 
the locking position in preparation to locking the door, 
the door lock detecting switch 236 closes and the output 
signal from a series-connected AND gate 272 goes low. 
When the door lock is manually unlocked, the door 
lock knob switch 234 closes to change the input level at 
the input terminal Is to the low level. When the all of 
the doors are locked and thus the door lock detecting 
switch 236 closes, the input level at the input terminal 
O9 goes low. 

FIG. 7 is a flowchart of a program to be executed by 
the controller 200. The controller 200 is triggered to 
execute the program of FIG. 7 periodically as part of 
the stand-by state for automatic door locking and un- 
locking and in response to a low-level input at the input 
terminal 1 10 caused by operating the door lock manual 
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switch 202-D. At an initial stage of execution of the terminal I9 is checked at a block 2007 to see if the door 
program of FIG. 7, a disabling flag FLdseb is checked is locked or unlocked. If the input level at the input 
at a block. 2001, which disabling flag is set in a flag termianl I9 is still high, indicating that the door is in 
register 274 in the CPU when the controller 200 is dis- locked, the control signal is then fed to the relay 240 to 
abled and is reset as long as the controller is enabled. If 3 drive the reversible motor 302-D in the unlocking direc- 
the disabling flag FLdseb is set when checked at the don, at a block 2008. After this block 2008, control 
block 2001, the routine of FIG. 18 ends immediately returns to the main program. On the other hand, when 
and control returns to the main program. the input level at the input terminal I9 is low when 

On the other hand, if the disabling flag FLdseb is checked at the block 2007, then the relay 242 is ener- 
reset when checked at the block 2001, the presence of 10 gized at a block 2009 to drive the reversible motor 
an ignition key (mechanical key) in the key cylinder 302-D in the locking direction, 
(not shown) is checked for at a block 2002. In practice, FIG. 8 shows the preferred embodiment of an auto- 
the presence of the ignition key in the key cylinder is matic door locking program to be executed by the mi- 
indicated by a high-level input at input terminal I7 con- croprocessor 222 of the controller 200. As set forth 
nected to the ignition key switch 232. If the input level 15 above, in order to facilitate automatic door locking, the 
at the input terminal I7 is high, indicating that the igni- microprocessor 222 of the controller 200 periodically 
tion key is in the key cylinder, the user is judged to be triggers the modulator 252 via the output terminal O] to 
in the vehicle. In this case, keyless entry operation is not transmit the radio demand signal Sdm through the an- 
to be performed and thus, control returns directly to the tennas 206-D and 210-D. The radio demand signal Sdm 
control program. 20 continues for a given period of time. The microproces- 

In the absence of the ignition key from the key cylin- sor 222 then checks the input level at the input terminal 
der the demand signal SdmIs transmitted at a block 2003 Ii and performs automatic door locking when the au- 
in substantially the same manner as described with re- thorized user possessing the radio code signal transmit- 
spect to the block 2201 of the first sub-routine. As set ter 100 leaves the broadcasting range of the controller 
forth above, the transmission of the demand signal Sdm 25 200. 

continues for a predetermined period of time. The per- The program of FIG. 8 is executed at regular inter- 
iod for which the controller 200 remains in radio code vals. In each cycle of execution of the program, the 
signal transmitter mode is defined by a timer 276 in the output triggering the modulator 252 is output through 
microprocessor 222. After the predetermined period of the output terminal Oi at a step 2101 Then, the input 
time expires, the output level at the output terminal O2 30 level at the input terminal Ii is checked at the step 2102. 
changed from low to high in order to open the switch If the input level at the input terminal Ii checked at the 
terminal 258-Tr and to close the switch terminal 258-R. step 2102 remains LOW for a given period, which indi- 
As a result, electrical communication between the cates the absenseofthe transmitter 100 in the broadcast- 
switching circuit 246 and the modulator is blocked and ing range of the controller 200, the routine ends, 
the switching circuit 248 establishes electrical comma- 35 On the other hand, following a HIGH-level input at 
nication between the demodulator 260 and the latter. the input terminal Ii when checked at the step 2102, the 
This switching procedure for switching the operation input level at the input terminal I9 is checked at a step 
mode of the controller 200 may also be used in the 2103. If the input level at the input terminal I 9 indicates 
foregoing first sub-routine and the subsequent third and that the door is locked, as detected by the door-lock- 
sixth routines which will be discussed later. 40 detecting switch 236, the routine ends. 

After switching the operation mode of the controller On the other hand, if the input level at the input 
from the radio code signal transmitter mode to receiver terminal I9 indicates that the door in unlocked, the timer 
mode, reception of the unique code signal Scd from the in the controller 200 is activated to start measuring 
radio code signal transmitter is checked for at a block elapsed time at a step 2104. The timer is designed to 

2004. This block 2004 is repeated until the unique code 45 measure a predetermined period of time sufficient for 
signal Dcpis received. the authorized user to leave the broadcasting range of 

In practice, if the unique code signal Scd is not re- the controller. Elapsed time is checked at a step 2105. 
ceived within a given waiting period, the keyless entry This time-checking step 2105 is repreated until the 
system would be reset to prevent endless looping. In aforementioned predetermined period of time expires, 
this case, a theft-preventive counter may be incre- 50 Once the time limit is reached at the step 2105, the 
mented by one and an alarm may be produced when the output triggering the modulator 252 is again produced 
counter value reaches a given value. This alarm proce- at the output terminal Oi at a step 2106. Therefore, the 
dure has been disclosed in the aforementioned co-pend- radio demand signal Sdm is again transmitted through 
ing U.S. patent application filed on the same date. This the antennas 206-D and 210-D, at the step 2106. There- 
reception-mode time limit procedure should, in prac- 55 after the input level at the input terminal ii is again 
tice, be applied to all routines which await reception of checked at a step 2107. If the input level at the input * 
the unique code-indicative signal Scd from radio code terminal Ii remains HIGH when checked at the step 
signal transmitter 100. 2107, and thus indicates that the radio code signal trans- 

Upon reception of the unique code signal Scd at the mitter 100 is within the broadcasting range of the con- 
block 2004, the preset code is retrieved from the code 60 trailer 200, control returns to the step 2104. In the step 
memory 264 through the multiplexer 266 at a block 2104, the timer is reset and re-triggered to start measur- 

2005. The received unique code is compared with the ing elapsed time again. 

preset code at a block 2006. If the unique code does not The steps 2104, 2105, 2106 and 2107 are repeated until 
match the preset code when compared in the block the input level at the input terminal Ii goes LOW which 

2006. then the theft-preventing counter may be incre- 65 indicates the absense of the radio code signal transmitter 
mented by one as set forth above and control returns to 100 within the broadcasting range of the controller 200. 
the main program. On the other hand, if the unique code When a LOW-level input at the input terminal l\ is 
matches the preset code, then the input level at the input detected, then the actuator relay 242 is energized to 
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operate the actuator 302-D in the locking direction to 
lock the door, at a step 2108. 

. Therefore, the program of FIG. 8 can automatically 
lock the door upon detecting the absence of the radio 
code signal tramsitter 100 within the broadcasting 5 
range. This frees the authorized user of the door-lock- 
ing operation. 

FIG. 9 is a modified version of FIG. 8, which facili- 
tates automatic door locking and unlocking according 
to the absence or presence of the radio code signal 10 
transmitter 100 within the broadcasting range of the 
controller 200. 

As in the program of FIG. 8, the program of FIG. 9 
is executed at regular intervals. In each cycle of execu- 
tion of the program, the output triggering the modula- IS 
tor 252 is output through the output terminal Oi at a 
step 2201. Then, the input level at the input terminal I] 
is checked at the step 2202. If the input level at the input 
terminal Ii when checked at the step 2202 remains 
LOW for a given period, which indicates the absense of 20 
the transmitter 100 in the broadcasting range of the 
controller 200, the routine ends. 

On the other hand, in response to a HIGH-level input 
at the input terminal Ii when checked at the step 2202, 
the input level at the input terminal I9 is checked at a 25 
step 2203. If the input level at the input terminal I9 
indicates that the door is locked, the timer in the con- 
troller 200 is activated to start measuring elapsed time at 
a step 2204. The timer measures a predetermined period 
of time sufficient for the authorized user to leave the 30 
broadcasting range of the controller. Elapsed time is 
checked at a step 2205. This time-checking step 2205 is 
repeated until the predetermined period of time expires. 
Once the time limit is reached at the step 2205. Then, 
the output triggering the modulator 252 is again pro- 35 
duced at the output terminal Oi at a step 2206. There- 
fore, the radio demand signal S/M/is again transmitted 
through the antennas 206-D and 210-D, at the step 2206. 
Thereafter the input level at the input terminal i] is 
again checked at a step 2207. If the input level at the 40 
input terminal Ii remains HIGH when checked at the 
step 2207, and thus indicates that the radio code signal 
transmitter 100 is within the broadcasting range of the 
controller 200, control returns to the step 2204. In step 
2204, the timer is reset and re-triggered to start measur- 45 
ing elapsed time again. 

The steps 2204, 2205, 2206 and 2207 are repeated until 
the input level at the input terminal Ii goes LOW which 
indicates the absense of the radio code signal transmitter 
100 within the boradcasting range of the controller 200. 50 
If a LOW-level input at the input terminal Ii is detected, 
then the actuator relay 242 is energized to operate the 
actuator 302-D in the locking direction to lock the door 
at a step 2208. 

After locking the door at the satep 2208, control 55 
passes to a step 2213. The timer in the controller 200 is 
again activated to measure elapsed time at a step 2213. 
The timer is designed to measure a predetermined per- 
iod of time sufficient for the authorized user to leave the 
broadcasting range of the controller. Elapsed time is 60 
checked at a step 2214. This time-checking step 2214 is 
repeated until the aforementioned predetermined per- 
iod of time expires. Once the time limit is reached at the 
step 2214 the output triggering the modulator 252 is 
again produced at the output terminal Oi at a step 2215. 65 
Therefore, the radio demand signal Sdm'is again trans- 
mitted through the antennas 206-D and 210-D, at the 
step 2215. Thereafter the input level at the input termi- 
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nal ii is again checked at a step 2216. If the input level 
at the input terminal I] remains LOW when checked at 
the step 2216, and thus indicates that the radio code 
signal transmitter 100 is within the broadcasting range 
of the controller 200, control returns to the step 2213. In 
the step 2213, the timer is reset and re-triggered to start 
measuring elapsed time again. 

The steps 2213, 2214, 2215 and 2216 are repeated until 
the input level at the input terminal h goes HIGH 
which indicates the presense of the radio code signal 
transmitter 100 within the broadcasting range of the 
controller 200. If a HIGH-level input at the input termi- 
nal 1 1 is detected, then the actuator relay 240 is ener- 
gized to operate the actuator 302-D in the unlocking 
direction to unlock the door at a step 2217. 

On the other hand, if the input level at the input 
terminal I9 indicates that the door is locked when 
checked at the step 2203, then control passes to a step 
2209. In the step 2209, the timer in the controller 200 is 
activated to measure elapsed time at a step 2209. 
Elapsed time is checked at a step 2210. This time-check- 
ing step 2210 is repeated until the predetermined period 
of time expires. Once the time limit is reached at the step 
2210 the output triggering the modulator 252 is again 
produced at the output terminal Oi at a step 2211. 
Therefore, the radio demand signal S/w is again trans- 
mitted through the antennas 206-D and 210-D, at the 
step 2211. Thereafter the input level at the input termi- 
nal h is again checked at a step 2212. If the input level 
at the input terminal Ii remains LOW when checked at 
the step 2212, control passes to the step 2213. On the 
other hand, if the input level at the input terminal Ii 
remains HIGH, control returns to the step 2209 to re- 
peat the steps 2209, 2210, 2211 and 2212. 

As will be appreciated herefrom, the program of 
FIG. 9 fully automatically locks and unlocks the vehicle 
door. 

Therefore, the invention fulfills all the objects and 
advantages sought therefor. 
What is claimed is: 

1. A keyless entry system for an automotive door lock 
comprising: 

a door lock actuator for operating said door lock 
between a first locking position and a second un- 
locking position; 

a pocket-portable radio code signal transmitter for 
transmitting a radio code signal containing a unique 
code which identifies said transmitter, said radio 
code signal transmitter being responsive to a radio 
demand signal to be activated to transmit said radio 
code signal; and 

a controller mounted on a vehicle and electrically 
connected to said door lock actuator for control- 
ling operation of said actuator for operating said 
door lock between said first locking position and 
said second unlocking position, said controller 
cyclically and repeatedly transmitting said radio 
demand signal at a given timing, receiving said 
radio code signal transmitted from said radio code 
signal transmitter, comparing said unique code in 
the received radio code signal with a preset code 
for detecting the presence of an authorized trans- 
mitter in the vicinity of said controller by detecting 
whether said unique code matches said preset code 
at every occurrence of transmission of said radio 
demand signal, and operating said door lock actua- 
tor from said second door unlocking position to 
said first door locking position in response to an 



03/29/2004, EAST Version: 1.4.1 



17 



4,763,121 



absence of said radio code signal at the occurrence 
of said radio demand signal. 

2. A keyless entry system as set forth in claim 1, 
which further comprises a manually operable switch 
mounted on the external surface of a vehicle body and 5 
associated with said controller, said manually operable 
switch temporarily triggering said controller to trans- 
mit said radio demand signal irrespective of said given 
timing. 

3. A keyless entry system as set forth in claim 1, 10 
which further comprises a detector for detecting a prde- 
termined disabling condition and disabling said keyless 
entry system when said predetermined disabling condi- 
tion is detected. 

4. A keyless entry system as set forth in claim 3, 15 
wherein said detector detects when an ignition key is in 

a key cylinder. 

5. A keyless entry system as set forth in claim 1, 
which further comprises a timer for measuring elapsed 
time, said timer being reset and started periodically at a 20 
timing determined relative to transmission of said radio 
demand signal for measuring a given period of time, and 
wherein said controller operates said door lock actuator 

if said radio code signal is absent within said given per- 
iod of time. 25 

6. A keyless entry system as set forth in claim 1, 
wherein said controller is responsive to said radio code 
signal for operating said door lock actuator to actuate 
said door lock to said second unlocking position. 

7. A keyless entry system as set forth in claim 6, 30 
wherein said controller controls said door lock actuator 

to hold said door lock in said second unlocking position 
while said radio code signal is present. 

8. A keyless entry system for an automotive door lock 
comprising: 35 

a door lock actuator for actuating said door lock 
between a first locking position and a second lock- 
ing position; 

a manually operable switch mounted on the external 
surface of a vehicle body for manual operation 40 
from outside of the vehicle; 

a pocket-portable radio code signal transmitter for 
transmitting a radio code signal containing a a 
unique code which identifies said transmitter, said 

• radio code signal transmitter being responsive to a 45 
radio demand signal to be activated to transmit said 
radio code signal; 

a controller mounted on a vehicle and electrically 
connected to said door lock actuator for control- 
ling operation of said actuator, said controller also 50 
being connected to said manually operable switch 
to sense manual operation of said manually opera- 
ble switch, said controller regularly transmitting 
said radio demand signal at a given timing and 
being responsive to manual operation of said manu- 55 
ally operable switch for temporarily transmitting 
said radio demand signal irrespective of said given 
timing, receiving said radio code signal transmitted 
by said radio code signal transmitter, comparing 
said unique code in the received radio code signal 60 
with a preset code to detect the presence of an 
authorized transmitter in the vicinity thereof by 
detecting said radio code signal containing said 
unique code matching with said preset code at 
every occurrence of transmission of said radio 65 
demand signal, to operate said door lock to said 
second unlocking position when said unique code 
and said preset code match, and to detect an ab- 
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sence of said radio code signal at the occurrence of 
said radio demand signal for detecting that said 
transmitter is out of a predetermined radio commu- 
nication range and to operate said door lock actua- 
tor to hold said door lock in said first locking posi- 
tion while said radio code signal is absent in said 
predetermined radio communication range. 

9. A keyless entry system as set forth in claim 8, 
which further comprises a detector for detecing a pre- 
determined disabling condition and disabling said key- 
less entry system when said predetermined disabling 
condition is detected. 

10. A keyless entry system as set forth in claim 9, 
wherein said detector detects when an ignition key is in 
a key cylinder. 

11 A keyless entry system as set forth in claim 8, 
further comprising a time for measuring elapsed time, 
said timer being reset and started periodically at a tim- 
ing determined relative to transmission of said radio 
demand signal for measuring a given period of time, and 
said controller operates said door lock actuator when 
said radio code signal is absent for said given period of 
time. 

12. A keyless entry system as set forth in claim 8, 
wherein said controller is responsive to said radio code 
signal for operating said door lock actuator to operate 
said door lock to said second unlocking position. 

13. A keyless entry system as set forth in claim 12, 
wherein said controller controls said door lock actuator 
to hold said door lock in said second unlocking position 
while said radio code signal is present 

14. An automatic operation system for a lock mecha- 
nism of a closure which operably closes an opening of 
an enclosed space defined within a vehicle, comprising: 

a lock actuator associated with said closure for oper- 
ating said lock mechanism between a first locking 
position and a second unlocking position; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique 
code which identifies said transmitter, said radio 
code signal transmitter being responsive to a radio 
demand signal to transmit said radio code signal; 

a controller mounted on a vehicle and electrically 
connected to said lock actuator for operating said 
lock mechanism between said first locking position 
and said second unlocking position, said controller 
cyclically and repeatedly transmitting said radio 
demand signal at a given timing, receiving said 
radio code signal from said radio code transmitter, 
comparing said unique code in the received radio 
code signal with a preset code for detecting that an 
authorized transmitter is in the vicinity thereof by 
detecting said radio code signal containing said 
unique code matching with said preset code at 
every occurrence of transmission of said radio 
demand signal, and operating said lock actuator 
from said second unlocking position to said first 
locking position in response to an absence of said 
radio code signal at the occurrence of said radio 
demand signal. 

15. An automatic operation system for a lock mecha- 
nism of a closure which operably closes an opening of 
an enclosed space defined within a vehicle, comprising: 

a lock actuator for operating said door lock between 
a first locking position and a second unlocking 
position; 

a manually operable switch mounted on the external 
surface of a vehicle body for manual operation 
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from outside of the vehicle and within a predeter- 
mined communication range defined in the vicinity 
of said closure; 
a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique S 
code which identifies said transmitter, said radio 
code signal transmitter being responsive to a radio 
demand signal to be activated to transmit said radio 
code signal; 

a controller mounted on a vehicle and electrically 10 
connected to said lock actuator for controlling 
operation of said 1 actuator for operating said lock 
mechanism between said first locking position and 
said second unlocking position, said controller 
regularly transmitting said radio demand signal at a 15 
given timing and being responsive to manual opera- 
tion of said manually operable switch for temporar- 
ily transmitting said radio demand signal irrespec- 
tive of said given timing, receiving said radio code 
signal from said radio code transmitter at every 20 
occurrence of said radio demand signal, comparing 
said unique code in the received radio code signal 
with a preset code for detecting the presence of an 
authorized transmitter in the vicinity thereof by 
detecting said radio code signal containing said 25 
unique code matching with said preset code at 
every occurrence of transmission of said radio 
demand signal, to operate said lock mechanism to 
said second unlocking position when said unique 
code and said preset code match, and for detecting 30 
an absence of said radio code signal at the occur- 
rence of said radio demand signal for detecting said 
transmitter being out of said predetermined radio 
communication range and to operate said lock 
actuator to hold said door lock at said first locking 35 
position while said radio code signal is absent in 
said predetermined radio communication range. 

16. An automatic operation system for a lock mecha- 
nism of a closure which operably closes an opening of 
an enclosed space defined within a vehicle, comprising: 40 

a lock actuator associated with said closure for oper- 
ating said lock mechanism between a first locking 
position and a second unlocking position; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique 45 
code which identifies an authorized transmitter, 
said radio code signal transmitter being responsive 
to a radio demand signal to be activated to transmit 
said radio code signal; 

a controller mounted on a vehicle and electrically 50 
connected to said lock actuator for controlling 
operation of said actuator for operating said lock 
mechanism between said first locking position and 
second unlocking position, said controller cycli- 
cally and repeatedly transmitting said radio de- 55 
mand signal at a given timing, receiving said radio 
code signal from said radio code transmitter, de- 
tecting said authorized transmitter which transmits 
said radio code signal matching with said preset 
code in the vicinity of said closure by detecting 60 
said radio code signal containing said unique code 
matching with said preset code at every occur- 
rence of transmission of said radio demand signal 
and holding said lock mechanism at said second 
unlocking position while said authorized transmit- 65 
ter is present in the vicinity of said closure, and 
detecting said authorized transmitter moving away 
from said closure for operating said lock actuator 



from said second unlocking position to said first 
locking position by detecting an absence of said 
radio code signal at the occurrence of said radio 
demand signal for operating said lock mechanism 
to said first locking position. 

17. An automatic operation system for a lock mecha- 
nism of a closure which operably closes an opening of 
an enclosed space defined within a vehicle, comprising: 

a lock actuator for operating said door lock between 
a first locking position and a second unlocking 
position; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique 
code which identifies an authorized transmitter, 
said radio code signal transmitter being responsive 
to a radio demand signal to be activated to transmit 
said radio code signal; 

a controller mounted on a vehicle and electrically 
connected to said lock actuator for controlling 
operation of said actuator for operating said lock 
mechanism between said first locking position and 
said second unlocking position, said controller 
regularly transmitting said radio demand signal at a 
given timing, receiving said radio code signal from 
said radio code transmitter at every occurrence of 
said radio demand signal, comparing said unique 
code in the received radio code signal with a preset 
code to detect the presence of an authorized trans- 
mitter in the vicinity thereof by detecting said radio 
code signal containing said unique code matching * 
with said preset code at every occurrence of trans- 
mission of said radio demand signal, to operate said 
lock mechanism to said second unlocking position 
when said unique code and said preset code match, 
and for detecting an absence of said radio code 
signal at the occurrence of said radio demand sig- 
nal for detecting said transmitter being out of said 
predetermined radio communication range so as to 
operate said lock actuator to hold said door lock at 
said first locking position while said radio code 
signal is absent in said predetermined radio com- 
munication range. 

18. An automatic operation system for a vehicular 
device comprising: 

an actuator associated with said vehicular device 
between a first active position and a second not 
inactive position; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique 
code which identifies said transmitter, said radio 
code signal transmitter being responsive to a radio 
demand signal to be activated to transmit said radio 
code signal; 

a controller mounted on a vehicle and electrically 
connected to said actuator for controlling opera- 
tion of said actuator for operating said vehicular 
device between said first position and said second 
position, said controller cyclically and repeatedly 
transmitting said radio demand signal at a given 
timing, receiving said radio code signal from said 
radio code transmitter, comparing said unique code 
in the received radio code signal with a preset code 
for detecting the presence of an authorized trans- 
mitter in the vicinity thereof by detecting said radio 
code signal containing said unique code matching 
with said preset code at every occurrence of trans- 
mission of said radio demand signal, and operating 
said lock actuator from said second position to said 
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first position in response to an absence of said radio 
code signal at the occurrence of said radio demand 
signal. 

19. An automatic operation system for a vehicular 
device comprising: . 5 

an actuator for operating said vehicular device be- 
tween a first active position and a second inactive 
position; 

a manually operable switch mounted on the external 
surface of a vehicle body for manual operation 10 
from outside of the vehicle and within a predeter- 
mined communication range defined in the vicinity 
of said closure; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique IS 
code which identifies said transmitter, said radio 
code signal transmitter being responsive to a radio 
demand signal to be activated to transmit said radio 
code signal; 

a controller mounted on a vehicle and electrically 20 
connected to said actuator for controlling opera- 
tion of said actuator for operating said vehicular 
device between said first position and said second 
position, said controller regularly transmitting said 
radio demand signal at a given timing and being 25 
responsive to manual operation of said manually 
operable switch for temporarily transmitting said 
radio demand signal irrrespective of said given 
timing, receiving said radio code signal from said 
radio code transmitter at every occurrence of said 30 
radio demand signal, comparing said unique code 
in the received radio code signal with a preset code 
to detect the presence of an authorized transmitter 
in the vicinity thereof by detecting said radio code 
signal containing said unique code matching with 35 
said preset code at every occurrence of transmis- 
sion of said radio demand signal, to operate said 
vehicular device to said second position when said 
unique code and said preset code match, and for 
detecting an absence of said radio code signal at the 40 
occurrence of said radio demand signal for detect- 
ing said transmitter out of said predetermined radio 
communication range so as to operate said actuator 
to hold said lock at said first position while said 
radio code signal is absent in said predetermined 45 
radio communication range. 

20. An automatic operation system for a vehicular 
device comprising: 

an actuator associated with said vehicular device 
between a first active position and a second inac- 50 
tive position; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique 
code which identifies an authorized transmitter, 
said radio code signal transmitter being responsive 55 
to a radio demand signal to be activated to transmit 
said radio code signal; 

a controller mounted on a vehicle and electrically 
connected to said actuator for controlling opera- 

60 
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tion of said actuator for operating said vehicular 
device between said first position and said second 
position, said controller cyclically and repeatedly 
transmitting said radio demand signal at a given 
timing, receiving said radio code signal from said 
radio code transmitter, detecting said authorized 
transmitter which transmits said radio code signal 
matching with said preset code in the vicinity of 
said closure by detecting said radio code signal 
containing said unique code matching with said 
preset code at every occurrence of transmission of 
said radio demand signal and holding said vehicu- 
lar device at said second position while said autho- 
rized transmitter is present in the vicinity of said 
closure, and detecting said authorized transmitter 
moving away from said closure for operating said 
lock actuator from said second position to said first 
locking position by detecting an absence of said 
radio code signal at the occurrence of said radio 
demand signal for operating said vehicular device 
to said first position. 

21. An automatic operation system for a vehicular 
security device comprising: 

a lock actuator for operating said vehicular device 
between a first security active position and a sec- 
ond security inactive position; 

a pocket-portable radio code signal transmitter trans- 
mitting a radio code signal containing a unique 
code which identifies an authorized transmitter, 
said radio code signal transmitter being responsive 
to a radio demand signal to be activated to transmit 
said radio code signal; 

a controller mounted on a vehicle and electrically 
connected to said lock actuator for controlling 
operation of said actuator for operating said vehic- 
ular device between said first position and said 
second position, said controller regularly transmit- 
ting said radio demand signal at a given timing, 
receiving said radio code signal from said radio 
code transmitter at every occurrence of said radio 
demand signal, comparing said unique code in the 
received radio code signal with a preset code to 
operate said actuator for detecting said transmitter 
matching therewith in the vicinity thereof by de- 
tecting said radio code signal containing said 
unique code matching with said preset code at 
every occurrence of transmission of said radio 
demand signal, to operate said vehicular device to 
said second position when said unique code and 
said preset code match, and for detecting an ab- 
sence of said radio code signal at the occurrence of 
said radio demand signal for detecting said trans- 
mitter being out of said predetermined radio com- 
munication range so as to operate said lock actua- 
tor to hold said vehicular device at said first posi- 
tion while said radio code signal is absent in said 
predetermined radio communication range. 
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